Rationale: Several studies using diffusion tensor tractography (DTT) have reported on injury in the dentato-rubro-thalamic tract (DRTT) in patients with brain injury. However, there is no study of injury in the DRTT following cerebellar infarct. We report on patients with injury in the DRTT following cerebellar infarct, demonstrated on DTT.
Introduction
Cerebellar infarct is uncommon, approximately 2% to 3% in stroke patients. It can cause movement disorders, including tremor, ataxia, and incoordination, because the main role of the cerebellum is movement control by communicating between the cerebrum and cerebellum via the dentato-rubro-thalamic tract (DRTT) and cortico-ponto-cerebellar tract. [1] [2] [3] [4] [5] In particular, ataxia is typically defined as a lack of voluntary coordinated movements on hand, leg, and trunk, and it usually occurs after cerebellar injury; however, precise cause of the ataxia is not fully understood. Among causes of the ataxia, injury in the DRTT, a major efferent pathway from the deep cerebellar nuclei to the brainstem and thalamus, is suggested as a major pathogenetic mechanism of ataxia. [6] [7] [8] [9] Therefore, in terms of the diagnosis, examination of the DRTT would be important in patients with ataxia following cerebellar infarct. However, research on the DRTT has been limited in the live human brain due to anatomical features of a long, multisynapse, low discrimination with adjacent neural tracts that cross to the opposite side. [7, 9] Recently developed diffusion tensor tractography (DTT), which is derived from diffusion tensor imaging (DTI), has enabled three-dimensional reconstruction and estimation of the microstructural integrity of white matter including the DRTT. [10, 11] Several studies using DTI have reported that injury in the DRTT commonly accompanies ataxia in patients with brain injury. [12] [13] [14] [15] However, there is limited understanding on study on injury in the DRTT following cerebellar infarct.
In this study, we report 3 patients with injury in the DRTT following cerebellar infarct, demonstrated on DTT.
Methods

Subjects
We recruited 3 patients (male: 1, female: 2, mean age: 64.7 ± 10.7 years, range: 50-75 years) with cerebellar infarct who were admitted to the rehabilitation department of a university hospital. Inclusion criteria for patients were as follows: first ever stroke; an infarct is located in the cerebellum, as confirmed by a neuroradiologist; DTI scanning was performed at an early stage (between 2 and 3 weeks) after the stroke showed ataxia and gait disturbance after the stroke; and no severe apraxia and somatosensory problems (<22 points [full mark: 24] on the subscale for kinesthetic sensation of the Nottingham Sensory Assessment). The patients provided signed, informed consent, and the study protocol was approved by Yeungnam University Hospital institutional review board.
Clinical evaluation
The Scale for Assessment and Rating of Ataxia (SARA, 0-40 points: a higher score indicates a worse state) and the Functional Ambulation Category (FAC, 0-5 points: a lower score indicates a worse state) were administered to assess ataxia and gait function, respectively. [16, 17] 2.3. Diffusion tensor imaging DTI data were acquired at 3 weeks (patient 1) and 2 weeks (patients 2 and 3) after their strokes using a 6-channel head coil on a 1.5T Philips Gyroscan Intera (Philips, Ltd, Best, the Netherlands) with single-shot echo-planar imaging. For each of the 32 noncollinear diffusion sensitizing gradients, 70 contiguous slices were acquired parallel to the anterior commissure-posterior commissure line. ; and a slice thickness of 2.5 mm. Affine multiscale twodimensional registration at the Oxford Centre for Functional Magnetic Resonance Imaging of Brain (FMRIB) Software Library was used for correction of head motion effect and image distortion. [10, 18] Fiber tracking was performed using a probabilistic tractography method based on a multifiber model, and applied in the present study utilizing tractography routines implemented in FMRIB Diffusion (5000 streamline samples, 0.5 mm step lengths, curvature thresholds = 0.2). For the reconstruction of the DRTT, the seed region of interest (ROI) was placed on the dentate nucleus behind the floor of the fourth ventricle on the coronal image. [11] Two target ROIs were given at the junction of the superior cerebellar peduncle between the upper pons and cerebellum on the coronal image and the contralateral red nucleus of the upper midbrain on the axial image. [11] A threshold of 2 streamlines was applied for the results of fiber tracking.
Results
The demographic and clinical data for 3 patients are summarized in Table 1 . With clinical evaluation, patient 1 scored 18, patient 2 scored 22, and patient 3 scored 28 points on the SARA. On the FAC patient 1 scored 2, patient 2 scored 2, and patient 3 scored 1 point. DRTT abnormalities were discontinuation (the upper portion of the left DRTT in the patient 1), narrowing (the lower portion of the left DRTT in patient 2, and the entire right DRTT in the patient 3), and nonreconstruction (the left DRTT in the patient 3) (see Fig. 1 ).
Discussion
In this study, we demonstrated injury in the DRTT in 3 patients with severe ataxia following the cerebellar infarct. DRTT injuries Table 1 Demographic and clinical characteristics. were discontinuation (the upper portion of the left DRTT in the patient 1), narrowing (the lower portion of the left DRTT in patient 2, and the whole right DRTT in the patient 3), and nonreconstruction (the left DRTT in the patient 3). Therefore, it appears that ataxia in 3 patients was at least in part attributable to injury in the DRTT. We believe that our results suggest the necessity of evaluation of the DRTT in patients with ataxia after cerebellar infarct. Several studies using DTI reported on injury in the DRTT in patients following brain injury. [12] [13] [14] [15] In 2014, Akhlaghi et al [12] described an injured DRTT by abnormal DTT parameters, including lower fractional anisotropy and higher mean diffusivity in 12 patients with Friedreich ataxia compared with 14 normal controls. During the next year, Marek et al [13] described 6 patients with ataxia and tremor who had injuries of the cerebellothalamic portion of the DRTT.
[13] Jang and Kwon [14] ascribed thinning of the DRTT in the right hemisphere to a patient's ataxia and tremor [SARA: 12 points] following mild traumatic brain injury. In 2015, Schulz et al [15] reported concurrent injuries of the cortico-ponto-cerebellar tract and DRTT related to residual motor function in 26 patients with chronic ischemic stroke. [15] To the best of our knowledge, this is the first study to demonstrate injury in the DRTT in patients with cerebellar infarct and suggest injured DRTT is one of the causes of the ataxia. Therefore, clinicians should consider injury of the DRTT in patients with ataxia following various brain injuries, particularly lesions on the pathways of the DRTT such as thalamus and pontine. However, several limitations should be considered. First, this study is a case report. Second, we could not investigate the degree of ataxia by the state of the DRTT. Third, results of probabilistic DTT might be affected by false positives and negative effects due to the presence of kissing fibers in a voxel or partial volume effect throughout the brain. [19, 20] Therefore, we suggest that further studies including large numbers of patients to overcome the limitations should be encouraged.
Conclusions
Using DTT, we demonstrated injury in the DRTT in 3 patients with severe ataxia following cerebellar infarct. We believe that evaluation of the DRTT would be helpful in patients with ataxia following cerebellar infarct.
